ARIO\-12452P

Robust Summaries for Dibasic Ester Solvents:
Dimethyl Adipate (DMA)

1. Substance Information

<
™I
1.1. Chemical Name: Dimethyl Adipate = 23 Eod
1.2. CAS Registry No: 627-93-0 Towe
w M
1.3. Component CAS Nos.: Not applicable — <
= Q0
— o<
1.4. Structural Formula: o
o oA
Meo\/\/\/”\
[l MeO
0

1.5. Other Names: Hexanedioic acid, dimethyl ester, dimethyl

hexanedioate, dibasic acid ester (dimethyl adipate ),
dimethyl adipate, 1,4 butanedicarboxylic acid, dibasic
dimethyl ester of adipic acid, DMAD and DBE-6.

2. Physical-Chemical Properties

2.1. Melting Point

Value: 8.5°C
Decomposition: No Data
Sublimation: No Data
Method: No Data
GLP: No Data
Reliability: Not assignable because limited study information was
available
Reference:

IUCLID (2000). IUCLID Dataset. European Chemicals

Bureau, European Commission. Datasheet for dimethyl

adipate, 2/18/00 [Subsequently referenced as IUCLID
(2000)]

Additional References for Melting Point:

Dupont Co. (2001). Material Safety Datasheet DU005940 for DBE-6 (dimethyl
adipate, DMA).

HSDB (2001). Hazardous Substances Data Bank (HSDB/5021)



2.2. Boiling Point

Value: 230.9 °C

Decomposition: No Data

Pressure: 1013 hPa

Method: No Data

GLP: No Data

Reliability: Not assignable because limited study information was
available

Reference: TUCLID (2000)

Additional References for Boiling Point:

Dupont Co. (2001). Material Safety Datasheet DU005940 for DBE-6 (dimethyl
adipate, DMA).

Lide , D.R. (ed.) (1995-1996). CRC Handbook of Chemistry and Physics. 76™ ed.,
p. 3-187, CRC Press, Inc. Boca Raton, FL.

2.3. Density
Value: 1.062 g/em’
Temperature: 20°C
Method: No Data
GLP: No Data
Reference: TUCLID (2000)
Reliability: Not assignable because limited study information was

available

Additional References for Density:

Dupont Co. (2001). Material Safety Datasheet DU005940 for DBE-6 (dimethyl
adipate, DMA).

Lide , D.R. (ed.) (1995-1996). CRC Handbook of Chemistry and Physics. 76 ed.,
p. 3-187, CRC Press, Inc. Boca Raton, FL.

2.4. Vapor Pressure

Value: 0.17 hPa

Temperature: 20°C

Decomposition: No Data

Method: No Data

GLP: No Data

Reliability: Not assignable because limited study information was
available

Reference: TUCLID (2000)

Additional References for Vapor Pressure:



Dupont Co. (2001). Material Safety Datasheet DU005940 for DBE-6 (dimethyl

adipate, DMA).

2.5. Partition Coefficient (log K,)

Value:
Reliability:

Reference:

1.03 (calculated)

Not assignable because limited study information was
available

Hansch, C., A. Leo, D. Hoekman (1995). Exploring QSAR-
Hydrophobic, Electronic, and Steric Constants.
Washington, D.C., American Chemical Society (HSDB
5021).

Additional References for Partition Coefficient:

TUCLID (2000)

2.6. Water Solubility

Value:
Temperature:
pH/Pka:
Method:
GLP:
Reliability:

Reference:
Remarks:

29.9 g/l

20°C

pH 8.9

No Data

No Data

Not assignable because limited study information was
available

TUCLID (2000)

Another reference reports a lower level of solubility of 600
mg/L. with temperature not specified (Bennet SR et al
(1984). “Environmental Hazards of Chemical Agent
Stimulants”. Aberdeen Proving Ground, MD: CRDC-TR-
84055.

Additional References for Water Solubility:
Dupont Co. (2001). Material Safety Datasheet DU005940 for DBE-6 (dimethyl

adipate, DMA).

2.7. Flashpoint
Value:

Type:
Method:
Reliability:

Reference:

116 °C

Closed cup

other: DIN 51794

Not assignable because limited study information was
available

TUCLID (2000)

Additional References for Flashpoint:



Dupont Co. (2001). Material Safety Datasheet DU005940 for DBE-6 (dimethyl

adipate, DMA).
3. Environmental Fate

3.1. Photodegradation
Value:

Indirect Photolysis:
Breakdown
Products:

Method:

GLP:
Reliability:
Reference:

Remarks:

50% degradation after 5 days with rate constant of 3.221 x
107" molecules /second.
In air

No Data

Calculated using AOP computer program, Version 1.53,
Syracuse Research Center (SRC). Used concentration of
sensitizer (OH) of 500,000 molecules/cm’.

Not Applicable

Estimated value based on accepted model

Adkinson, R. (1987). Int. J. Chem. Kinet., 19:799-828
(cited in IUCLID.(2000).)

According to a model of gas/particle partitioning of
semivolatile organic compounds in the atmosphere
(Bidleman, 1988), dimethy! adipate, which has a vapor
pressure of 0.06 mm Hg at 25°C (Howard and Meylan,
1997), is expected to exist solely as a vapor in the ambient
atmosphere. Vapor-phase dimethyl adipate is degraded in
the atmosphere by reaction with photochemically-produced
hydroxyl radicals (SRC, n.d.); the half-life for this reaction
in air is estimated to be four days (SRC, n.d.), calculated
from its rate constant of 4x10-12 cm’/molecule-sec at 25°C
(Meylan and Howard, 1993 ). Dimethyl adipate may
undergo direct photolysis in the environment, since this
compound contains a functional group that can absorb light
>290 nm (Lyman et al., 1990) (HSDB/5021).

Additional References for Photodegradation:
Bidlemen, T.F. (1988). Environ. Sci. Technol. 22:361-367 (HSDB/5021).
Myelan, W.M., and P.H. Howard. (1993). Chemosphere 26:2293-99

(HSDB/5021).

Howard, P.H. and W.M. Meylan. (1997). Handbook of Physical Properties of
Organic Chemicals. Lewis Publ. Baca Raton, FL: (HSDB/5021).

Lyman, W.J., et al.(1990). Handbook of Chemical Property Estimation Methods
Am. Chem. Soc., Washington, DC. (HSDB/5021).

3.2. Stability in Water
Concentration:

No Data




Half-life: Hydrolytic half-life is estimated as 2 years and 60 days,
respectively (calculated), at pH 7 and 8.
Percent Hydrolyzed: Not applicable

Method: SAR based calculation.

GLP: No

Reliability: Estimated value based on accepted model

Reference: Mill, T., et al. (1987). Environmental Fate and Exposure

Studies Development of a PC-SAR for Hydrolysis: Esters,
Alkyl, Halides and Epoxides. SRI International, Menlo
Park, CA._ EPA Contract No. 68-02-4254 (HSDB/5021).

Remarks: Based on a classification scheme (Swann et al., 1983), a
Koc value of 11 (SRC, n.d.), determined from an
estimation method (Meylan et al., 1992), indicates that
dimethyl adipate is not expected to adsorb to suspended
solids and sediment in water (SRC, n.d.). Volatilization
from water surfaces is not expected (Lyman et al., 1990)
based upon an estimated Henry's Law constant of 9.77x10~
atm-m’/mole (Meylan and Howard 1991), developed using
a fragment constant estimation method (Meylan and
Howard, 1991). According to a classification scheme
(Franke et al., 1994), an estimated BCF of 1.2 (SRC, n.d.),
from a log Kow of 1.03 (Hansch et al., 1995) and a
regression-derived equation (Meylan et al., 1999), suggests
the potential for bioconcentration in aquatic organisms is
low. Dimethyl adipate is expected to undergo hydrolysis
producing hexanedioic acid and methanol (SRC, n.d.).
Estimated hydrolysis half-lives are two years and 60 days
at pH values of 7 and 8, respectively (Mill et al.; 1987)
(HSDB/5021).

Additional References for Stability in Water:
Bidlemen, T.F. (1988). Environ. Sci. Technol. 22:361-367 (HSDB/5021).
Franke, C. et al. (1995). Chemosphere, 29:1501-14 (HSDB/5021)

Hansch, C. et al. (1995). Exploring QSAR. Hydrophobic, Electronic and Steric
Constants, p. 48, Amer. Chem. Soc., Washington, DC (HSDB/5021).

Howard, P.H. and W.M. Meylan. (1997). Handbook of Physical Properties of
Organic Chemicals. Lewis Publ. Baca Raton, FL: (HSDB/5021).

Lyman, W.J., et al. (1990). Handbook of Chemical Property Estimation Methods.
Am. Chem. Soc., Washington, DC. (HSDB/5021).

Myelan, W.M., and P.H. Howard. (1993). Chemosphere 26:2293-99
(HSDB/5021).

Meylan, W.M. et al. (1999). Environ. Toxicolo. Chem., 18:664-72 (HSDB/5021)




Mill, T. et al. (1987). Environmental Fate and Exposure Studies Development of a
PC-SAR for Hydrolysis: Esters. Alkyl Halides and Epoxides, EPA Contract

No.68-02-4254, SRI International, Menlo Park, CA (HSDB/5021).
SRC (n.d.) Syracuse Research Corporation (HSDB/5021).
Swann, R. L. et al. (1983). Res. Rev., 85:17-28 (HSDB/5021).

3.3. Transport (Fugacity)

Media:
Distributions:

Adsorption
Coefficient:
Desorption:
Volatility:
Method:

Data Used:

GLP:

Reliability:
Reference:

Air, water, soil, and sediment

Air 4.13%
Water 50.7%
Soil 45.1%
Sediment 0.0923%
Not applicable

Not applicable

Not applicable

Calculated method based on Mackay’s Level III Fugacity
model and using Estimations Programs Interface (EPITWIN
v. 3.10)

Molecular Weight: 174.2

Henry’s Law Constant: 9.77 x 10 atm.-m*/mole
(calculated VP/Wsol)

Vapor Pressure: 1.27 mm Hg (user —entered)

Log Kow: 1.03 (KOWWIN Program).

Soil Koc: 4.39 (calculated by model)

No

Estimated value based on accepted SAR model.

SRC and EPA developed models EPIWIN (v. 3.10) which
contains a Level III Fugacity Model developed by Dr.
Donald MacKay and Co-Workers which is detailed in:

Mackay, D. (1991). Multimedia Environmental Models: the
Fugacity Approach. pp 67-183, Lewis Publishers, CRC
Press.

MacKay, D. et al. (1996) Environ. Toxicol. Chem.,
15(9):1618-1626.

MacKay, D. et al. (1996). Environ. Toxicol. Chem.,
15(9):1627-1637.




3.4. Biodegradation

Value:
Breakdown
Products:
Method:

GLP:
Reliability:
Reference:

3.5. Bioconcentration

Value:
Method:

GLP:
Reliability:

Reference:

Modeled Linear Biodegradation Probability 1.0130

Not applicable

Calculated using BIOWIN (v. 4.00) developed for the EPA
by Syracuse Research Center (SRC) (© 2000 US EPA).
No

Estimated value based on accepted SAR model.

Boethling, R.S., Howard, P.H., Meylan, W.M., Stiteler, W.,
Beauman, J. and Tirado.N. 1994. Group contribution
method for predicting probability and rate of aerobic
biodegradation. Environ. Sci. Technol. 28: 459-65.
(BIOWIN Software available from Syracuse Research
Corp, Environmental Science Center, Syracuse, NY
13210).

Howard, P.H., Boethling, R.S., Stiteler, W., Meylan, W.M.,
Hueber, A.E., Beauman, J. and Larosche, M.E. 1992.
Predictive model for acrobic biodegradability developed
from a file of evaluated biodegradation data. Environ.
Toxicol. Chem. 11: 593-603. (BIOWIN Software
available from Syracuse Research Corp, Environmental
Science Center, Syracuse, NY 13210).

BCF of 1.2 (calculated)

An estimated BCF of 1.2 was calculated for dimethyl
adipate (SRC, n.d.), using a log Kow of 1.03 (Hansch et al.,
1995) and a regression-derived equation (Meylan et al.,
1999). According to a classification scheme (Franke et al.,
1994), this BCF suggests the potential for bioconcentration
in aquatic organisms is low (HSDB/5021).

No

Not assignable because limited study information was
available

HSDB/5021

Additional References for Bioconcentration:
Franke, C. et al. (1995). Chemosphere, 29:1501-14 (HSDB/5021)

Hansch, C. et al. (1995). Exploring QSAR. Hydrophobic, Electronic and Steric
Constants, p. 48, Amer. Chem. Soc., Washington, DC (HSDB/5021).

Meylan, W.M. et al. (1999). Environ. Toxicolo. Chem., 18:664-72 (HSDB/5021)
SRC (n.d.) Syracuse Research Corporation (HSDB/5021).




4. Ecotoxicity

4.1. Acute Toxicity to Fish

Type:
Species:
Value:
Method:

Results:
GLP:
Reliability:

Reference:

43-h LCs

Carpus carpio (Carp)

No mortality reported

Carp were exposed to 89-122 mg/L for 43 hours. Water
temperature was 12°C and dissolved O, was 8.5 -9.5 mg/L.
A 5-17% hematoma incidence was reported.

No

Not assignable because limited study information was
available.

Loeb, H.A. et al. (1963). U.S. Fish Wildl. Serv. Sp. Sci.
Rep.-Fish No. 471, Washington, DC (Aquire/AQ-
0002965).

Additional References for Fish Toxicity:

The aquatic toxicity of DMA was estimated using quantitative structure-activity
relationships. The estimated LCso was 27 mg/L; the estimated lowest chronic
EC;so was 6.74 mg/L; the estimated chronic “safe level” for aquatic life was 270-
674 pg/L; and the calculated K, was 0.36.

Matthiessen, P. et al., (1993). Mar. Poll. Bull., 26(2):90-95

4.2. Acute Toxicity to Invertebrates

Type:
Species:
Value:
Method:

GLP:
Reliability:
Reference:

48-h LC50

Daphnia magna

497 mg/L

Calculated using ECOSAR (v. 0.99g) developed for the
EPA by Syracuse Research Center (SRC) (© 2000 US
EPA).

No

Estimated value based on accepted SAR model.
Meylan,W.M. and P.H. Howard. (1999). User’s Guide for
the ECOSAR Class Program. Version 0.99¢ (Mar 1999),
prepared for J. Vincent Nabholz and Gordon Cash, U.S.
Environmental Protection Agency, Office of Pollution
Prevention and Toxics, Washington, DC; prepared by
Syracuse Research Corporation, Environmental Science
Center, North Syracuse, NY 13212.




Type:
Species:
Value:
Method:

GLP:
Reliability:
Reference:

5. Mammalian Toxicity

5.1. Acute Toxicity

Type:
Guideline:
Value:
Methods:

GLP:
Test Substance:
Results:

Reliability:
Reference:

Type:
Guideline:
Species/Strain
Value:
Method:

GLP:
Test Substance:

4.3. Acute Toxicity to Aquatic Plants

96-h EC50

Green algae

4.351 mg/L

Calculated using ECOSAR (v. 0.99g) developed for the
EPA by Syracuse Research Center (SRC) US EPA).

No

Estimated value based on accepted SAR model.
Meylan,W.M. and P.H. Howard. (1999). User’s Guide for
the ECOSAR Class Program. Version 0.99¢ (Mar 1999),
prepared for J. Vincent Nabholz and Gordon Cash, U.S.
Environmental Protection Agency, Office of Pollution
Prevention and Toxics, Washington, DC; prepared by
Syracuse Research Corporation, Environmental Science
Center, North Syracuse, NY 13212.

Acute Oral Toxicity

DOT Protocol

7500 mg/kg b.wt.

Using a Department of Transportation (DOT) protocol 10
rats were administered (orally) 50 mg/kg b. wt. DMA

No

DMA

No mortalities were observed at this 50 mg/kg dose level,
indicating that DMA is not a Class B poison

High (Scientifically defensible or guideline method)
Dupont Co. (1966). Unpublished data, Haskell Laboratory
Report No.149-66.

Oral LD50

EPA (40 CFR) 798.1175

Sprague Dawley Rats

>5000 mg/kg b.wt.

DMA was administered a single dose via oral gavage at
two dose levels (500 and 5000 mg/kg b.wt.) with a 14 day
observation period. Test material was administered as
received. 5 females and 5 males were used for each dose
level. Necropsies were performed on animals that died and
that survived to 14 days post-administration.

Yes

99.5% DMA



Results:

Reliability:
Reference:

Remarks:

At 500 and 5,000 mg/kg b.wt. mortality rates were 0/10 and
2/10, respectively. The mortalities occurred in the first two
days. The animals in the 500 mg/kg b. wt. dose group were
free of signs of abnormality. In the 5,000 mg/kg treatment
level the only abnormality was decreased activity and
“hunched” appearance. Other signs observed in single
animals included irregular gait. Surviving animals showed
no abnormalities with the exception of a single animal with
red foci in the lungs. Necropsies of two dead animals (i.e.,
5,000 mg/kg dose group) revealed discoloration and edema
in the lungs, discoloration of the thymus and the presence
of thick tarry substance in the stomach. Other observations
in individual animals were reddened pancreas and yellow
fluid in the stomach.

High (Scientifically defensible or guideline method, GLP)
Bio/dynamics Inc. (1992). Acute Oral Toxicity in Rats
(DMA, Dimethyl Adipate). Submitted to Monsanto
Company. Reference Numbers: 92-6328, BD-92-243,
October 8, 1992.

Study was designed as one in a series of four acute studies
conducted with each of four different dibasic ester test
materials: DBE (mixture of three dimethyl esters), DMA,
DMG, and DMS.

Additional References for Acute Oral Toxicity:
Dupont Co. (1975). Unpublished data, Haskell Laboratory Report No.34-75.

Type:
Guideline:
Species/Strain:
Value:
Method:

GLP:

Test Substance:

Results:

Dermal LD50

EPA (40 CFR) 798.1100

New Zealand White Rabbits

> 5000 mg/kg b. wt.

DMA was administered a single dose applied directly to the
skin over a 12 x 14 cm area approximating 10% of the body
surface. Contact with excess material was maintained for
24 hours and animals were observed for 14 days after
initiation of dose. A total of 5 females and 5 males were
used for this study. Test material was administered as
received.

Yes

99.5% DMA

All animals survived after dermal treatment at 5,000 mg/kg
b. wt. Animals gained weight during 7 days post-treatment,
but all animals lost weight or remained stable from day 7 to
14 post-treatment. All animals were free of systemic
toxicity throughout the study and no abnormalities were
observed during post-mortem macroscopic observation.

10




Reliability:
Reference:

Remarks:

High (Scientifically defensible or guideline method, GLP)
Bio/dynamics Inc. (1992). Acute Dermal Toxicity in
Rabbits (DMA, Dimethyl Adipate). Submitted to Monsanto
Company Reference Numbers: 92-6329, BD-92-243,
October 8, 1992,

Study was designed as one in a series of four acute studies
conducted with each of four different dibasic ester test
materials: DBE (mixture of three dimethyl esters), DMA,
DMG, and DMS.

Additional References for Acute Dermal Toxicity:

Dupont Co. (1975). Unpublished data, Haskell Laboratory Report No. 301-75.

Type:
Guideline:
Species/Strain:
Value:
Method:

GLP:

Test Substance:

Results:

Reliability:
Reference:

Remarks:

Primary Dermal Irritation

EPA (40 CFR) 798.4470

New Zealand White Rabbits

Average Dermal Irritation Score (ADIS) was 0.0

DMA was administered to six animals (3 female/3 male) as
a single dose applied directly to two 1 x 1 inch areas of skin
on the back and held in place with semi-occlusive dressings
for 4 hours. Animals were observed for subsequent 3 days
and treated areas were observed at 30 minutes and 24, 48,
and 72 hours. Test material was administered as received.
Yes

99.5% DMA

The ADIS for DME is 0.0. No irritation was observed.
This material would probably not be considered to produce
dermal irritation as defined in EPA Guidelines.

High (Scientifically defensible or guideline method, GLP)
Bio/dynamics Inc. (1992). Primary Dermal Irritation Study
in Rabbits (DMA, Dimethyl Adipate). Submitted to
Monsanto Company Reference Numbers: 92-6330, BD-92-
243, October 8, 1992.

Study was designed as one in a series of four acute studies
conducted with each of four different dibasic ester test
materials: DBE (mixture of three dimethyl esters), DMA,
DMG, and DMS.

Additional References for Dermal Irritation:

Dupont Co. (1975). Unpublished data, Haskell Laboratory Report No. 156-75.
When tested in rabbits resulted in mild irritation (grade 3 using a scale of 0-10).
Union Carbide Co. (1992). TSCA 8(e)CAP Submission, TSCA Fiche

OTS0O536615.
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Type:
Guideline:
Species/Strain:
Value:

Method:

GLP:

Test Substance:

Results:

Reliability:
Reference:

Remarks:

Eye Irritation

EPA (40 CFR) 798.4500

New Zealand White Rabbits

DMA produced mild to moderate, transient ocular
irritation.

A single ocular administration of DMA (0.1 ml) was
applied to 3 male and 3 female adult rabbits followed by
observations at 1, 24, 48, 72 hours and 7 and 10 days. The
observation period continued up to 10 days or until no signs
of irritation were present. The cornea, iris and conjunctivae
were observed and lesions were graded. Test material was
administered as received.

Yes

99.5% DMA

DMA produced moderate, transient ocular irritation. This
material would be considered to produce eye irritation as
defined in the EPA Guidelines. All six animals exhibited
moderate irritation of the conjunctivae (redness, chemosis,
and discharge). Four animals exhibited corneal opacity,
slight dulling of the corneal surface or had corneal
ulceration and five animals exhibited iridial changes or
damage. Two of the six animals were clear of irritation by
48 or 72 hours, and the remaining animals were free of
irritation by Day 7.

High (Scientifically defensible or guideline method, GLP)
Bio/dynamics Inc. (1992). Primary Eye Irritation Study in
Rabbits (DMA, Dimethyl Adipate). Submitted to Monsanto
Company Reference Numbers: 92-6331, BD-92-243,
October 8, 1992,

Study was designed as one in a series of four acute studies
conducted with each of four different dibasic ester test
materials: DBE (mixture of three dimethyl esters), DMA,
DMG, and DMS.

Additional References for Acute Eye Irritation:

Dupont Co. (1966). Unpublished data, Haskell Laboratory Report No. 196-66.

5.2. Repeated Dose Toxicity:

Type:
Guideline:

Species/Strain:
Sex/Number:

90-day Inhalation

Based on 40CFR799.9346, 799.9380, 799.9620, plus cell
proliferation study.

Rats/ Crl:CD®(SD)IGS BR

36 male and 36 female/treatment level

12




Route of
Administration:
Exposure
Period:
Frequency

Of treatment:

Exposure levels:

Methods:

GLP:
Test Substance:
Results:

inhalation
90 days

6 hours/day, 5 days/wk
0 or 400 mg/m’ DMA

Groups of male and female (nulliparous and non-pregnant)
rats were exposed via inhalation to DMA over a 90-day
period. The exposure period was followed by a 1-month
recovery period. Rats were weighed once per week and
clinical signs were taken daily. Food consumption was
determined on a weekly basis. Samples for hepatic, lung,
and nasal (levels II and III) cell proliferation (CP) were
collected from rats approximately 2 weeks after initiation
of the study and approximately 90 days after study
initiation. A clinical pathology evaluation was conducted
on rats approximately 45 and 90 days after initiation of the
study. Approximately 90 days after study initiation, rats
designated for the clinical pathology evaluation were
sacrificed for pathological examination and evaluation of
male reproductive endpoints, including sperm motility,
sperm number, and sperm morphology. A neurobehavioral
test battery, consisting of functional observational battery
assessments and motor activity, was conducted prior to test
substance administration to obtain baseline measurements,
and during test weeks 4, 8, 13, and 18 (recovery). Rats
designated for neuropathological evaluation were sacrificed
approximately 90 days after study initiation and after
approximately 1 month of recovery. The estrous cycle of
female rats was determined for the last 21 days of
exposure. Following 90 days of exposure, blood was
collected via the tail vein from male and female rats and
serum was subjected to hormonal analyses. In male rats,
serum luteinizing hormone (LH), follicle stimulating
hormone (FSH), and testosterone concentrations were
measured. In female rats, serum estradiol and progesterone

concentrations were measured.
Yes

98.824% DMA

The analytically determined overall mean concentration of
DMA in the exposure chambers targeted to 400 mg/m’ was
390 mg/m>. The overall mean temperature in each of the
exposure chambers ranged from 21-22°C. The overall
mean relative humidity in each of the exposure chambers
ranged from 35-55%, and the oxygen concentration was

13




Reliability:
Reference:

Remarks:

approximately 21 %. The mean chamber airflows ranged
from 320-330 L/min in the 1.4-m’ control chambers and
1600-1800 L/min in the 9-m> test chambers.

No concentration-related effects were observed on
mortality, clinical signs of toxicity, clinical pathology,
neurobehavioral endpoints, neuropathology, sperm motility
or morphology, estrous cycle, or serum hormone levels.

Male rats exposed to 400 mg/m> DMA had lower mean
body weights, lower mean body weight gains, and lower
food efficiency during the study. Compound-related effects
were observed in the noses of male and female rats exposed
to 400 mg/m’ DMA for 90 days. These effects consisted
primarily of degeneration/atrophy of the olfactory mucosa
of the dorsal meatus and of the dorsomedial aspect of the
dorsal endoturbinate. Less commonly, focal respiratory
metaplasia of the olfactory mucosa of the dorsal meatus
was also present. Lesions were minimal to mild in severity.
Degeneration/atrophy of the olfactory mucosa occurred in
recovery animals in the same locations as was apparent at
the 90-day sacrifice. The lesions were usually focal and
minimal in severity. Male rats exposed to 400 mg/m’> DMA
showed significant increased CP in the liver at day 14
compared to controls and significantly greater CP in the
nose level 11 at day 14. Female rats exposed to 400 mg/m’
DMA had significantly greater CP in the lungs relative to
controls at days 14 and 90. Although not statistically
significant, increased epididymal sperm counts were
observed in the DMA group.

High (Scientifically defensible or guideline method, GLP)
Dupont Co. (2000). Unpublished data, Haskell Laboratory:
MR-13128-1, Dupont-3557.

The NOEL for this study is defined as the highest dose at
which toxicologically important effects attributable to the
test substance were not detected. Thus, for this study, the
NOEL is equivalent to the NOEL as defined by the United
States Environmental Protection Agency (1985) and to the
no-observed-adverse-effect level (NOAEL) as defined by
the European Union (1994).

5.3. Developmental Toxicity

Species/Strain:
Sex/Number:
Route of

Rats
5 rats/treatment

14




Administration:
Exposure
Period:
Methods:

GLP:
Test Substance:
Results:

Reliability:

Reference:

L.p. injection

90 days

Groups of five pregnant rats were administered 0.0603,
0.1809, 0.3617, or 0.6028 ml/kg/day of DMA (equivalent
to 64, 192, 385, and 64 mg/kg/day) by i.p. injection on days
5, 10 and 15 of gestation.

Resorptions Abnormalities (percent)
Dose (percent) Gross Skeletal | Visceral
Control 6 0 3 0
64 6.8 0 0 0
192 14.1 1.8 7.4 0
385 1.8 3.6 13.8 0
641 5.7 8 19.2 8.3

No NOEL was reached in this study. In the 641 mg/kg/day
group, 5/26 fetuses had elongated frontal ribs fused to the
sternebrae. This group also contained two visceral
abnormalities: one fetus had no left kidney and one fetus
had an angulated anal opening. In the 385 mg/kg/day
group, one fetus had no tail, 2/29 fetuses had a few
elongated and fused posterior ribs, and two fetuses had
elongated anterior ribs fused to the sternebrae. The 192
mg/kg/day group had one fetus with hemangioma of the
right hind quarter while 2/27 fetuses had elongated anterior
ribs fused to the sternebrae. Data concerning maternal
toxicity were not available (Singh et al., 1973).

Not assignable because limited study information was
available

Singh, R.L. et al. (1973). Res. Rev., 85:17-28
(HSDB/5021)

Additional References for Developmental Toxicity: None Found

Type:
Guideline:
Species/Strain:
Sex/Number:
Route of
Administration:
Exposure

5.4. Reproductive Toxicity

90-day

Based on 40CFR799.9346 and 799.9380
Rats/ Crl:CD@(SD)IGS BR

36 male and 36 female/treatement level

Inhalation
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Period:
Frequency
Of treatment:

Exposure levels:

Method:

GLP:
Test Substance:
Results:

Reliability:
Reference:

90 days

6 hours/day, 5 days/wk

0 or 400 mg/m’ DMA

Male and female rats were exposed via inhalation to 0 or
400 mg/m’® dimethyl adipate (DMA) over a 90-day period.
The exposure period was followed by a one-month
recovery period. Approximately 90 days after study
initiation, rats in the clinical pathology subgroups were
sacrificed and evaluated for sperm motility, sperm number,
and sperm morphology. The estrous cycle of female rats
was determined for the last 21 days of exposure. Hormonal
analyses were conducted following 90 days of exposure.
Serum LH, FSH, and testosterone concentrations were
measured in the male rats and serum estradiol and
progesterone concentrations were measured in the female
rats.

Yes

98.824% DMA

No concentration-related effects were observed on sperm
motility or morphology, estrous cycle, or serum hormone
levels. Although not statistically significant, increased
epididymal sperm counts were observed. Additional details
of this study can be found in the subchronic inhalation
section (Dupont Co. 2000).

High (Scientifically defensible or guideline method, GLP)
Dupont Co. (2000). Unpublished data, Haskell Laboratory:
MR-13128-1, Dupont-3557.

Additional References for Reproductive Toxicity: = None Found

5.5. Genetic Toxicity in vitro (gene mutations)

Type:

Tester strains:
Exogenous
Metabolic
Activation:
Exposure
Concentrations:
Methods:
Reliability:
Reference:

No Data
No Data

No Data
No Data
No Data

No Data
No Data
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Type:
Cell Type:
Route of

Administration:

Exogenous
Metabolic
Activation:
Exposure

Concentrations:

Method:

GLP:

Test Substance:

Results:

Reliability:
Reference:

5.6. Genetic Toxicity in vivo (chromosomal aberrations)

Rat Micronucleus Test
Fischer 344 rat bone marrow cells (immature erythrocytes)

Inhalation

None

0.5, 1.0 and 2.0 mg/L (w/v)

This study followed test guidelines: US EPA (1998).
Health Effects Test Guidelines, OPPTS 870.5395
Mammalian erythrocyte micronucleus test, EPA 712-C-98-
226. Ten Fischer 344 rats, six to eight weeks old, were
exposed (5 male/5 female) to each of three exposure levels:
0.5, 1.0 and 2.0 mg/L DMA (w/v) via inhalation. Two six
hour exposures on consecutive days were used for all
animals including negative controls. Test material used as
received. A negative inhalation control (air only) and a
positive control consisting of oral gavage of
cyclophosphamide were employed. Following a period of
24 hours post-exposure animals were sacrificed and
immature erythrocytes in bone marrow smears (one smear
from each animal exposed) were examined for micronuclei.
Yes

98.8% DMA

No statistically significant increase in micronucleated,
immature erythrocytes (P>0.01) or significant decrease in
immature erythrocytes (P>0.01) was observed in rats
exposed to DMA by inhalation.

High (Scientifically defensible or guideline method, GLP)
Huntington Life Sciences, Ltd. (2001). “Dimethyl Adipate
Rat Micronulceus Test”. Submitted to SOCMA 16 May
2001. SOA 001/004850.

Additional References for in vive: None Found

6.0 Other Information

6.1 Biochemical/Metabolism Studies

Hepatic mitochondria were used as a model for nasal tissue. DBEs were
found to inhibit mitochondrial ATP synthesis 11 to 27% at 100 uM. The
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order of potency was DMA > DMG > DMS and paralleled the V pay/Km
values for the hydrolysis of the DBEs to their monomethyl estets. Pre-
treatment of the rats with 100 mg/kg of bis-nitrophenyl phosphate for three
days decreased the rate of hydrolysis of the DBEs approximately 50% and
protected the mitochondria from DBE-induced inhibition of ATP
synthesis. These results support the hypothesis that DBE-induced
cytotoxicity results from esterase-mediated hydrolysis to acid metabolites
and interference with intermediary metabolism (Bogdanffy and
Londergan, 1989).

In the study cited above, DBE cytotoxicity was shown to be due to
esterase-mediated activation. In this present study, the putative toxic
monomethyl and diacid metabolites were evaluated in an in vitro nasal
explant system. Monomethy! adipate (MMA), glutarate (MMG), and
succinate (MMS) induced increases in nasal explant acid phosphatase
release, a biochemical index of their cytotoxicity. Metabolism of MMA
and MMG to their diacids paralleled cytotoxicity. MMS metabolism was
not quantifiable. Pretreatment of rats with a carboxylesterase inhibitor
reduced cytotoxicity and metabolism of MMA and MMG, but not
cytotoxicity of MMS. It is concluded that both monomethyl ester and
diacid metabolites of DBE are cytotoxic. The contribution of each to
cytotoxicity in vivo may depend on their rate of formation during exposure
(Bogdanffy et al., 1991a; Trela and Bogdanffy, 1991b).

The kinetic parameters Viax, Km, Ky, and V/K were measured for the
hydrolysis of the dibasic esters in the target nasal tissue, olfactory mucosa,
and non-target tissue, respiratory mucosa. It was determined under the
conditions of these experiments, diacid metabolites were not formed.
Esterase activity was inhibited by pretreatment with bis-nitrophenyl
phosphate. V max values for the three dibasic esters were 5- to 13-fold
greater in olfactory mucosa than respiratory mucosa for male and female
rats. V /K values were 4- to 11-fold greater in olfactory mucosa than
respiratory mucosa for male and female rats. V/K was similar between
male and female olfactory mucosa when DMG was used as the substrate.
With DMS or DMA as the substrate, V/K for female olfactory tissue was
0.5- or 2-fold that of males, respectively. Differences in V/K were mainly
due to decreases in K, associated with increasing carbon chain length.
Substrate inhibition was observed at DBE concentrations greater than
approximately 25 mM, which are unlikely to be achieved in vivo. These
results lend further support to the hypothesis that organic acid
accurmulation in the target tissue, olfactory mucosa, plays a significant role
in the pathogenesis of DBE-induced nasal lesions (Bogdanfty et al.,
1991b).

Since female rats appear to be more sensitive to DBE-induced olfactory

toxicity than males, it was of interest to measure the rate of hydrolysis of
DBEs in male and female nasal mucosa homogenates and compare these
values to those derived from human nasal tissue obtained at autopsy. For
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both male and female rats, V.../Km values followed the order DMA >
DMG > DMS paralleling carbon chain length. The V.x/Ki, values for
female olfactory mucosa using DMA or DMS as substrates were two
times or one-half the values for male olfactory mucosa, respectively.
Hydrolysis of DBEs was detectable in only three of six human samples.
Activity values that were measurable were two or three orders of
magnitude lower than that of rat respiratory or olfactory mucosa,
respectively. These data suggest the rate of conversion of DBEs to acid
metabolites in nasal tissue is less significant in humans than in rats, and
that the rat may be more sensitive than man to the effects of DBEs on
nasal mucosa (Kee et al., 1989).

The enzymatic esterase activity of carboxylesterases is integral to the nasal
toxicity of many esters, including DMG, DMS, and DMA. Inhalation of
these esters specifically damages the olfactory mucosa of rodents. In this
study, the localization differential distribution of a 59 KD carboxylesterase
was demonstrated in the nasal tissues of the rat by immunochemistry
.Rabbit antiserum against the 59 KD rat liver microsomal carboxylesterase
bound most prominently to the olfactory mucosa when applied to
decalcified, paraffin-embedded sections of rat nasal turbinates. Within the
olfactory mucosa, anti-carboxylesterase did not bind to sensory neurons,
the target cell for ester-initiated toxicity; these cells apparently lack
carboxylesterase. Instead, the antibody was preferentially bound by cells
of Bowman's glands and sustentacular epithelial cells that are immediately
adjacent to the olfactory nerve cells. In contrast, non-olfactory tissues
(respiratory mucosa and squamous epithelium) which are more resistant to
the toxicity of esters, had less carboxylesterase content (Olson et al.,
1993).

An in vitro system was utilized to determine if DBE toxicity is dependent
on metabolic activation by carboxylesterase. Explants from the olfactory
and respiratory regions of the rat nasal cavity were incubated in a medium
containing 10-100 mM of the dimethyl esters of adipic-, glutaric-, and
succinic acids. DBE caused a dose-related increase in nasal explant acid
phosphatase release, a biochemical index of cytotoxicity. A parallel
increase in carboxylesterase-mediated monomethyl ester (MME)
formation was seen. In addition, MME concentrations and acid
phosphatase release were generally higher in olfactory than respiratory
tissues. DME-induced cytotoxicity and MME formation were markedly
reduced in nasal tissue excised from rats treated with a carboxylesterase
inhibitor, bisnitrophenyl phosphate (Trela and Bogdanffy, 1990; 1991a).

The kinetic constants were determined for carboxylesterase-mediated
hydrolysis of DBEs and correlated with lesion formation. No diacid
metabolites were found. V max values for the formation of MMS, MMG,
and MMA were approximately 8- to 10-times larger in olfactory mucosa
than in respiratory mucosa. V/K values for the formation of MMG and
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MMA were approximately 9- and 10-times larger in olfactory mucosa than
respiratory mucosa. For the formation of MMS, V/K was approximately 2
times larger in respiratory mucosa than olfactory mucosa (Patterson et al.,
1988).

To determine the biochemical mechanism for the toxic effect of DBE on
rat nasal olfactory mucosa, an in vitro study was conducted with rat and
human nasal tissue. This study demonstrated that the nasal tissue toxicity
of DBE is related to enzymatic hydrolysis of DBE within the nasal cavity
to form the corresponding monomethyl ester. Additionally, it was found
that human nasal tissue hydrolyzes DBE at 1/100 to 1/1000 the rate of rat
nasal tissue. For this reason, the nasal tissue of humans is likely to be at
greatly reduced risk of DBE toxicity compared to rats (Bogdanffy and
Frame, 1994).

References: Bogdanffy, M. S. and T. Londergan (1989). The
Toxicologist, 9(1):249 (Abstract 996).

Bogdanffy, M. S. et al. (1991a). The Toxicologist,
11(1):182 (Abstract 664).

Bogdanffy, M. S. et al. (1991b). Drug Metab. Dispos. Biol.
Fate Chem., 19(1):124-129.

Bogdanffy, M. S. and S. R. Frame (1994).
Inhalation Toxicology, 6(Supplement):205-:
(NIOSH/00224297) (as cited in Dupont Co.
(1995). AEL Documentation, October 4..

Kee, C. R. et al. (1989). The Toxicologist, 9(1):284
(Abstract 1139).

Olson, M. J. et al. (1993). J. Histochem. Cytochem.,
41(2):307-311(BIOSIS/93/13203).

Patterson, C. A. et al. (1988). The Toxicologist, 8(1):6
(Abstract 22).

Trela, B. A. and M. S. Bogdanffy (1990). The Toxicologist,
10(1):261 (Abstract 1044).
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Robust Summaries for Dibasic Esters Solvents:
Dimethyl Succinate (DMS)

1. Substance Information

1.1. Chemical Name: Dimethyl Succinate
1.2. CAS Registry No: 106-65-0

1.3. Component CAS Nos.: Not Applicable

1.4. Structural Formula:

0
MeO\/\/”\
| | MeO
0

1.5. Other Names: Dimethyl butanedioate, dibasic acid ester (dimethyl
succinate), dimethy! ester, mixture with dimethyl
butanedioate, dibasic dimethyl esters of succinic

acid, and DMS.
2. Physical-Chemical Properties
2.1. Melting Point
Value: 19 °C
Decomposition: No Data
Sublimation: No Data
Method: No Data
GLP: No Data
Reliability: Not assignable because limited study
information was available.

Reference: TUCLID. (2000). IUCLID Dataset.

European Chemicals Bureau, European
Commission. Datasheet for dibasic esters,
2/18/00 [Subsequently referenced as
TUCLID (2000)].

Additional References for Melting Point:

Dupont Co. (2001). Material Safety Datasheet DU000081 for DBE-4 (dimethyl
succinate, DMS).

HSDB. (2001). Hazardous Substances Data Bank (HSDB/5370)




2.2. Boiling Point

Value:
Decomposition:
Pressure:
Method:

GLP:

Reliability:

Reference:

196 °C
No Data
1013 hPa
No Data
No Data

Not assignable because limited study information was

available
TUCLID (2000)

Additional References for Boiling Point:
Dupont Co. (2001). Material Safety Datasheet DU000081 for DBE-4 (dimethyl

succinate, DMS).

Merck and Co. (1996). The Merck Index., Merck and Co., Inc., Whitehouse
Station, NJ. (HSDB/5370)

2.3. Density

Value:
Temperature:
Method:
GLP:
Reliability:

Reference:

1.11 g/cm’

25°C

No Data

No Data

Not assignable because limited study information was
available

TUCLID (2000)

Additional References for Density:
Dupont Co. (2001). Material Safety Datasheet DU000081 for DBE-4 (dimethy]

succinate, DMS).

Merck and Co. (1996). The Merck Index., Merck and Co., Inc., Whitehouse
Station, NJ. (HSDB/5370)

2.4. Vapor Pressure

Value:
Temperature:
Decomposition:
Method:

GLP:
Reliability:

Reference:

0.03 hPa

20°C

No Data

No Data

No Data

Not assignable because limited study information was
available

TUCLID (2000)




Additional References for Vapor Pressure:

Dupont Co. (2001). Material Safety Datasheet DU000081 for DBE-4 (dimethyl
succinate, DMS).

2.5. Partition Coefficient (log K,)

Value: 0.19 (measured)

Temperature: 25°C

Reliability Not assignable because limited study information was
available

Reference: TUCLID (2000)

Additional References for Partitio